Abstract. Gastric cancer (GC) affects the health of 1,000,000 people per year worldwide; however, the biological basis of GC remains largely unknown. The current study aimed to investigate the aberrant expression of miR-744 in GC for the effective treatment of patients with GC. Tumor and adjacent tissues were obtained from 30 patients who underwent tumor resection surgery at Dongying People's Hospital. The results of reverse transcription-quantitative polymerase chain reaction indicated that the expression of miR-744 was significantly decreased in tumor tissues compared with the levels in adjacent tissues. Human gastric cancer cell line SGC-7901 was then randomly divided into three different groups, including the control, miR-negative control (NC) and miR-744 mimic groups. A Cell Counting Kit-8 assay demonstrated that there was a significant decrease in the proliferation rate of SGC-7901 cells in the miR-744 mimics group compared with that observed in the control and miR-NC mimics groups. In addition, flow cytometry demonstrated that apoptosis was significantly increased in the miR-744 mimics group compared with that observed in the control and miR-NC mimics groups. Western blotting indicated that the expression of B cell lymphoma 2 (Bcl-2), B cell lymphoma-2-associated X protein and caspase-3 protein was significantly increased, while the expression of Bcl-2 was significantly decreased in the miR-744 mimics group compared with the levels observed in the control and miR-NC mimics groups. A dual-luciferase assay verified that miR-744 directly targeted the 3'-untranslated region of Bcl-2. Taken together, the present study suggested that miR-744 serves a tumor suppressive role in GC by targeting Bcl-2.
Introduction
Gastric cancer (GC) is common in developing countries (1) . In 2012, there were 700,000 mortalities, making GC the third leading cause of cancer-associated mortality after lung and liver cancer (2) . Worldwide, ~42% of male and ~19% of female patients with GC are from China (3) . Risk factors for GC include stress, a diet of charred or salty foods, alcohol consumption, smoking, obesity and physical inactivity (4) . Current treatments for GC include surgery (5), chemotherapy and/or radiation therapy (6) . The outcomes of patients with locally advanced GC are sub-optimal due to the likelihood of relapse (hazard ratio=1.52) (7) and chemotherapy with external beam radiotherapy is the standard adjuvant treatment (8) . Radio-resistance makes the successful treatment of GC challenging (9) . Target therapy is a novel strategy currently being studied in clinical trials (10) . Thus, the identification of novel molecular targets is required to fulfill unmet clinical needs.
B-cell lymphoma 2 (Bcl-2) is an anti-apoptotic member of the Bcl-2 family, which regulates cell apoptosis (11) . Deregulation of apoptosis is strongly associated with various diseases, such as schizophrenia, which is thought to result from the decreased expression of Bcl-2 and increased expression of caspase-3 (12) .
MicroRNA (miRNA or miR) are a class of non-coding RNA that are ~22 nucleotides long, which act as endogenous suppressors of gene expression by binding to the 3'-untranslated region (3'-UTR) of target mRNA (13, 14) . miRNA serve a role in cell proliferation and apoptosis, which are associated with tumorigenesis (15) . The regulation of Bcl-2 by miRNA and its role in GC progression remain unknown and further investigation is required to identify the pathogenic mechanism of GC.
The present study aimed to investigate the function of miR-744 in GC and the possible molecular mechanisms. RT-qPCR analyses were performed on tumor and adjacent tissues obtained from 30 patients to explore the differencential expression of miR-744. SGC-7901 cells were randomly divided into control, miR-negative control (NC) and miR-744 mimic groups. Cell Counting Kit-8 (CCK-8) assay and flow cytometry were performed to determine the cell proliferation and cell apoptosis of SGC-7901 cells, respectively. Western blotting was performed to evaluate the expression of Bcl-2, B cell lymphoma-2-associated X protein (Bax) and caspase-3. A dual-luciferase assay was used for verification of the interaction between miR-744 and Bcl-2. It was found that miR-744 serves a tumor suppressive role in GC by targeting Bcl-2.
Materials and methods
Patients. GC tumor tissues and adjacent normal tissues from 30 patients (14 males and 16 females; mean age, 47.30±9.82 years) who underwent surgery on the stomach or esophageal junction at the Dongying People's Hospital (Dongying, China) were collected between November 2014 and November 2016 for the current study. The adjacent tissues were removed at a distance of ≥5 cm away from the tumor tissues from the antrum and corpus mucosa, which were stripped along the side of the lesser curvature. Prior informed and written consent was obtained from each patient. Patients who underwent chemotherapy or radiotherapy prior to surgery were excluded from the current study. The present study was approved by the Ethics Committee of Dongying People's Hospital.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). miRNA from patient tissues were extracted and lysed using an miRNeasy Mini kit (Qiagen China Co., Ltd., Shanghai, China). RT for hsa-miR-744 was performed using a Transcriptor First Strand cDNA Synthesis kit (Roche Diagnostics, Basel, Switzerland) at 65˚C for 1 h. Subsequently, cDNA was used for qPCR, which was performed using a SYBR-Green Master mix (ROX; Roche Diagnostics) in a PCR Thermal Cycler Dice (Takara Bio, Inc., Otsu, Japan) at 95˚C for 10 min, followed by 50 cycles of 95˚C for 10 sec, 55˚C for 10 sec, 72˚C for 5 sec, 99˚C for 1 sec, 59˚C for 15 sec, 95˚C for 1 sec and final cooling to 40˚C. Relative expression of miR-744 was normalized against U6 with the 2 -ΔΔCq method (16) . Primer sequences were as follows: miR-744 forward, 5'-AAT GCG GGG CTA GGG CTA-3' and reverse, 5'-GTG CAG GGT CCG AGG T-3'; and U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3' (17).
Cell culture. Human GC cell line SGC-7901 (American Type Culture Collection, Manassas, VA, USA) was cultured in RPMI-1640/F12 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% (v/v) fetal bovine serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.), streptomycin (100 mg/ml) and penicillin (100 U/ml) at 37˚C in a 95% humidified chamber containing 5% CO 2 .
Cell transfection. SGC-7901 cells (1x10 5 ) were first seeded onto 24-well plates and cultured for 24 h at 37˚C. Cells were divided into the following groups: The control group consisting of untreated SGC-7901 cells; the miR-NC mimics group consisting of SGC-7901 cells transfected with miR-NC mimics, and the miR-744 mimic group consisting of SGC-7901 cells transfected with miR-744 mimics. The miR-744 mimics and miR-NC mimics were purchased from GeneCopoeia, Inc. (Rockville, MD, USA). Cell transfection of 30 µM miR-744 mimics or miR-NC mimics was performed using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) and cells were incubated for 48 h at 37˚C in accordance with the manufacturer's protocols prior to the performance of subsequent experimentation. The sequences used were as follows: miR-744 mimics forward, 5'-UGC GGG GCU AGG GCU AAC AGC A-3' and reverse, 5'-UGC UGU UAG CCC UAG CCC CGC A-3'; and miR-NC mimics forward, 5'-AAU UCU CCG AAC GUG UCA CTT-3' and reverse, 5'-GUG ACA CGU UCG GAG AAU UTT-3' , according to a previous study (18) .
Western blot analysis. SGC-7901 cells were first washed with PBS three times, 5 min each time, and lysed using lysis buffer containing protease inhibitors (Beyotime Institute of Biotechnology, Haimen, China). The concentration of each protein sample was normalized using the bicinchoninic acid method. Equal amounts of proteins from all the obtained samples (15 µg/lane) were loaded and then separated by 8-10% SDS-PAGE. Samples were then transferred on to nitrocellulose membranes. Membranes were blocked using 5% (v/v) skimmed milk for 1 h at room temperature and then incubated and probed with the following primary antibodies: Bax (cat. no. 2772), Bcl-2 (cat. no. 3498), caspase-3 (cat. no. 9662) and GAPDH (cat. no. 5174; all 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C overnight. Membranes were then incubated with bovine anti-rabbit horseradish peroxidase-conjugated secondary antibodies (cat. no. 2370; 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room temperature for 2 h. Bands were developed using an enhanced chemiluminescent kit (Beyotime Institute of Biotechnology, Shanghai, China) with GAPDH acting as an endogenous loading control.
Cell proliferation assay. SGC-7901 cell proliferation rate was assessed using CCK-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) according to the manufacturer's protocol. Briefly, SGC-7901 cells were seeded in each well of a 96-well plate at a concentration of 5x10 3 cells/well and cultured at 37˚C for 1-5 days. A total of 10 µl CCK-8 solution was then added into each well and incubated for 1 h at 37˚C. The optical density value from each sample was read at a wavelength of 450 nm using a microplate reader.
Cell apoptosis analysis. SGC-7901 cell apoptosis was evaluated using an Annexin V-fluorescein isothiocyanate/propidium iodide (FITC/PI) double-staining apoptosis detection kit (Beyotime Institute of Biotechnology) in accordance with the manufacturer's protocols. FITC specifically binds to the phosphatidyl serine residues on the cell membrane, while PI binds to DNA when the cell membrane is permeable (19) . SGC-7901 cells were collected at 48 h following transfection and resuspended in 400 µl of 90% RPMI-1640 medium with 10% FBS to the final concentration of 1x10 6 cells/ml. A total of 5 µl Annexin V-FITC was then added to the suspension and SGC-7901 cells were incubated at room temperature in the dark for 15 min prior to the addition of 5 µl PI. After 5 min, SGC-7901 cells were analyzed using a flow cytometer and quantified using FlowJo software version 7.6.2 (FlowJo LLC, Ashland, OR, USA).
Luciferase reporter assay. Wild-type (WT) or mutant Bcl-2 3'-UTR was cloned into a pmirGLO luciferase reporter vector (Promega Corporation, Madison, WI, USA). Following the incubation of SGC-7901 cells at 37˚C for 24 h, SGC-7901 cells were co-transfected with miR-744 mimics and pmir-Bcl-2WT-3'-UTR or pmir-Bcl-2mut-3'-UTR using Lipofectamine ® 2000, according to the manufacturer's protocol. SGC-7901 cells were then seeded in 24-well plates at a concentration of 5x10 4 cells/well and cultured at 37˚C for 18 h. Subsequently, SGC-7901 cells were transfected with firefly luciferase vector (500 ng/µl) and mixed with Vigofect transfection reagent (Vigorous Biotechnology, Beijing, China), according to the manufacturer's protocol. Following continuous exposure for 48 h, the luciferase activities from firefly and Renilla were measured with a Dual-luciferase reporter assay system (Promega Corporation), with Renilla activity acting as a normalized parameter.
Statistical analysis. All data are expressed as the mean ± standard deviation and all experiments were repeated three times. GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA) and a Student's two-sample unpaired t-test were used for the analyses of data, while data among three groups were compared by one-way analysis of variance followed by a Tukey's post hoc test. A Pearson's correlation test was used to perform correlation analysis between miR-744 expression and GC progression in Table I . P<0.05 was considered to indicate a statistically significant difference.
Results

miR-744 expression levels are decreased in GC tissues.
RT-qPCR was used to identify the role of miR-744 in GC progression by determining the differential expression of miR-744 in GC tissues and adjacent tissues. The results demonstrated that the expression of miR-744 was significantly decreased in tumor tissues compared with the level in adjacent normal tissues (Fig. 1) .
Bcl-2 is a direct target of miR-744 in GC.
A previous study indicated that miR-744 was involved in cervical cancer through targeting Bcl-2 (16) . Therefore, the current study aimed to determine whether miR-744 regulated Bcl-2 in GC using a luciferase target assay for the detection of an association between miR-744 and Bcl-2 in SGC-7901 cells. The results indicated that miR-744 significantly decreased the relative luciferase activity of the WT Bcl-2 3'-UTR compared with that observed in the NC group, while the luciferase activity of the mutant Bcl-2 3'-UTR was not significantly different between the NC and miR-744 groups (Fig. 2) . These results suggest that Bcl-2 was a direct target of miR-744 in SGC-7901 cells.
Expression profile of miR-744 in tissues from patients with
GC. There were 14 male and 16 female patients included in the current study. The mean age of patients was 47.30±9.82 years and 16 patients were aged <50 years old, while 14 patients were aged ≥50 years old. The tumor, node and metastasis (TNM) staging system according to seventh edition of the American Joint Committee on Cancer TNM Classification was used for this study (20) . There were 5 patients at histological stage I (4 IA and 1 IB), 3 patients (the lowest rate) at histological stage II, 14 patients (the highest rate) at histological stage III (5 IIIA and 9 IIIB) and 8 patients (the highest rate) at histological stage IV. The expression profile of miR-744 was also determined, and it was demonstrated that the more serious the TNM stage of patients the lower the miR-744 mRNA level, suggesting that miR-744 was negatively associated with the progression of GC (Table I) . This association requires further study and verification in a larger sample size.
miR-744 inhibits SGC-7901 cell proliferation.
The role of miR-744 in GC cell proliferation was further confirmed using a CCK-8 assay to determine SGC-7901 cell proliferation in the different groups. The results demonstrated that the proliferation of SGC-7901 cells was significantly decreased in the miR-744 mimics group compared with that observed in the control and miR-NC mimics groups (Fig. 3) . These results suggest that miR-744 inhibited cell proliferation in GC cells.
miR-744 induces SGC-7901 cell apoptosis.
Flow cytometry was used to determine the apoptosis rate of SGC-7901 cells in the different groups. The results demonstrated that cell apoptosis was significantly increased in the miR-744 mimics group compared with that observed in the control and miR-NC mimics groups (Fig. 4) . These results suggest that miR-744 promotes cell apoptosis in GC cells. Table I . Clinicopathological characteristics and expression of miR-774 in tissues from patients with gastric cancer. The relative mRNA level of each patient was compared to that in healthy people. M, male; F, female; TNM, tumor, node and metastasis; miR, microRNA.
Characteristics ---------------------------------------------------------------------------------------
miR-744 decreases the expression of anti-apoptosis protein Bcl-2 and increases the expression of pro-apoptosis proteins Bax and caspase-3 in SGC-7901 cells. Western blot analysis
was used to determine the expression levels of Bcl-2, Bax and caspase-3 in SGC-7901 cells. It was demonstrated that the expression levels of Bax and caspase-3 were markedly increased while the expression of Bcl-2 was decreased in the miR-744 mimics group compared with the levels observed in the control and miR-NC mimics groups (Fig. 5) .
Discussion
GC is common in developing countries (1) . Targeted therapy is a novel treatment strategy for GC, which is being studied in clinical trials (10) . However, due to the heterogeneity of GC, the identification of potential targets is required to fulfill the unmet clinical need. miRNA are endogenous suppressors of gene expression, which bind to mRNA 3'-UTRs (13, 14) and are associated with cell proliferation and apoptosis (15) . Apoptosis has been demonstrated to modulate schizophrenia, which may be caused by decreased expression of Bcl-2 and increased expression of caspase-3 (12) . miRNA that may regulate Bcl-2 were investigated in the present study. Bcl-2 is an integral protein of the external mitochondrial membrane, which reduces cell apoptosis (21) . Upregulation of the expression of Bcl-2 by secretory leukocyte protease inhibitor has been demonstrated to promote the proliferation of GC cells (22) .
A previous study indicated that miR-744 targets Bcl-2 (23), thus it was chosen as the focus of the current study. The differential expression of miR-744 between tumor tissues and adjacent normal tissues was investigated in the present study. RT-qPCR demonstrated that the expression level of miR-744 was significantly decreased in tumor tissues compared with the level in adjacent normal tissues. These results suggest that miR-744 may be a tumor suppressor gene, which is consistent with a previous study that indicated the decreased expression of miR-744 in human hepatocellular carcinoma (17) . Notably, miR-744 has been suggested to inhibit various types of cancer, including colon cancer, breast cancer and GC (24) . Furthermore, the relationship between Bcl-2 and miR-744 was demonstrated using a dual-luciferase assay in SGC-7901 cells in the current study, which indicated that miR-744 significantly reduced the relative luciferase activity of the WT Bcl-2 3'-UTR, while the luciferase activity of the mutant Bcl-2 3'-UTR was not significantly changed.
The expression of miR-744 in patients with GC at different TNM stages was also examined. The results demonstrated that the more serious the TNM stage of patients the lower the miR-744 mRNA level, the expression of miR-744 was negatively associated with the progression of GC. This association requires further study and verification in a larger sample size. Thus, the results of the current study indicated that miR-744 serves a role in inhibiting the progression of GC in patients, with Bcl-2 as the target gene in GC cells.
The impact of miR-744 on GC cell behavior was further investigated by determining the cell proliferation and apoptosis rates of SGC-7901 cells using a CCK-8 assay and flow cytometry, respectively. The results of the CCK-8 assay demonstrated that the proliferation of SGC-7901 cells was significantly decreased in the miR-744 mimics group compared with the control and miR-NC mimics groups. In addition, flow cytometry analysis indicated that apoptosis of SGC-7901 cells was significantly increased in the miR-744 mimics group compared with the control and miR-NC mimics groups.
However, the molecules regulated by miR-744 remained unclear. Therefore, western blot analysis was performed and the results indicated that the expression levels of Bax and caspase-3 were increased, while the expression of Bcl-2 was decreased in the miR-744 mimics group compared with the levels observed in the control and miR-NC mimics groups in SGC-7901 cells. The differential expression of Bcl-2, Bax and caspase-3 were consistent with the results that were indicated for SGC-7901 cell apoptosis and proliferation. Caspase-3 is an essential indicator of apoptosis (25) and Bax activates cell apoptosis by activating the activity of caspase-3 (26) .
In conclusion, the results of the current study demonstrated that miR-744 was downregulated in GC tissues compared with normal gastric tissues; miR-744 decreased the expression of Bcl-2 and SGC-7901 cell proliferation, while it increased the expression of caspase-3, Bax and the SGC-7901 cell apoptosis rate. Thus, miR-744 may serve as a tumor suppressor via the inhibition of cell proliferation and promotion of apoptosis by targeting Bcl-2 in GC.
